Background: Despite decades of research and development, depression has risen from the fifth to the leading cause of disability in the United States. Barriers to progress in the field are (1) poor access to high-quality care; (2) limited mental health workforce; and (3) few providers trained in the delivery of evidence-based treatments (EBTs). Although mobile platforms are being developed to give consumers greater access to high-quality care, too often these tools do not have empirical support for their effectiveness. In this study, we evaluated PRIME-D, a mobile app intervention that uses social networking, goal setting, and a mental health coach to deliver text-based, EBT's to treat mood symptoms and functioning in adults with depression.
INTRODUCTION
Depression is one of the leading causes of disability and mortality around the world, resulting in significant personal, work place, and healthcare costs (Lopez & Mathers, 2006; Papakostas & Ionescu, 2014) . Although there are many effective behavioral and pharmacological treatments available, many people do not have access to those treatments (Collins, Westra, Dozois, & Burns, 2004) . Poor access to care is in part due to time demands that most traditional treatments place on consumers, the "bricks and mortar" delivery system, and the limited supply of treatment providers relative to those seeking care (Collins et al., 2004; Weil, 2015) . Recent efforts to overcome poor access and to make care more efficient include using technology platforms to deliver evidence-based treatment (EBT), such as Internet-based and mobile app platforms. For instance, a recent systematic review of Internet-based, cognitive behavioral therapy (CBT) treatments for depression found this method of care delivery overcomes access issues and improve outcomes to a similar degree as in-person care (Richards & Richardson, 2012) . Delivering EBT's, such as CBT for depression using online platforms, is a promising direction for the field and one that may help to improve access to care. Yet, while this is encouraging, an increasing number of individuals are opting for ownership of smartphone devices rather than laptop or desktop computers (Pew Research Center, 2013) , thereby increasing the need for evidence-based mobile treatments. Further, using smartphones to deliver EBT's may improve Although there is an emerging consensus that technology-based interventions for depression show great promise for improving mental health outcomes, existing mobile platforms developed by many commercial companies have not been adequately evaluated to determine their effectiveness (Donker et al., 2013; Huguet et al., 2016) .
Further, the degree to which these tools require guidance from a coach or treatment provider to optimize effectiveness and/or engagement is unclear. Many mobile platforms are entirely self-guided tools that require consumers to monitor their own symptoms and make use of suggestions to improve one's mental health. Another approach is to provide users with a degree of human support, such as textbased interactions with coaches, to work with users to address their symptoms. For patients interested in these tools and for providers recommending these platforms, it is unclear what approach may be best suited for the individual. Yet, research on self-guided versus provider-supported Internet-based treatments suggests that human support significantly improves engagement by as much as 80% as well as leads to better outcomes (Andersson & Cuijpers, 2009; Mohr et al., 2013; Richards & Richardson, 2012) . Further, treatments that include provider support lead to significantly more robust responses to treatment (d = 0.61) relative to those that are unsupported (d = 0.25) (Andersson & Cuijpers, 2009) . Although these findings suggest that including human support in technology-based interventions will lead to greater engagement and better outcomes, there is considerable variability in the qualifications of those delivering support (i.e., clinician, technician, research assistant), the modality it was given (i.e., phone, e-mail, text, etc.), and "dose" (i.e., frequency, duration) of support offered in the various Internet-based treatments. As such, it is important that mobile health tools more explicitly define these features of support as well as examine the degree to which particular features and approaches may be tied to outcome of the treatments.
The purpose of this study was to evaluate the potential effectiveness of PRIME-D, a mobile app intervention that leverages EBT approaches, such as CBT and behavioral activation, to treat mood symptoms and functioning in adults with depression. We evaluated the feasibility, acceptability, and effectiveness of delivering PRIME-D entirely remotely with the support of a mental health coach, over an 8-week period with a 4-week follow-up to 36 adults with depression.
We hypothesized: (1) PRIME-D will be feasible and acceptable to adults with depression, as measured by the degree of self-reported satisfaction, whether the app helped participants achieve their goals for using the app, retention rate, and use metrics; and (2) PRIME-D will significantly improve mood symptoms and functioning. We also hypothesized the degree to which different types of engagement in PRIME-D influence outcome; (3) the more active PRIME-D users were in the platform as well as the degree to which participants engaged with their assigned motivation coach will influence greater overall improvements in clinical outcome. (Anguera, Jordan, Castaneda, Gazzaley, & Areán, 2016) . Participants in this study were asked to use PRIME-D every day with a minimum frequency of 1x/week over an 8-week period. Participants were informed that they would not be paid for using the PRIME-D intervention, but that they would be paid in Amazon e-gift cards $5/week for completing the weeks 1, 2, 3 assessments and $10 each for weeks 4, 8, and 12 assessments with a bonus of $30 for completing all assessments (total possible compensation for completion of all assessments was = $75).
METHODS

Procedures
Participant ELIGIBILITY
Participants were required to speak English, be 18 years old or older, and own a smartphone with iOS operating system (i.e., iPhone) with
Wi-Fi or 3G/4G capabilities (PRIME-D, the study app intervention, was only available in iOS at the time of the study launch). A Patient Health Questionnaire (PHQ-9; Spitzer, Kroenke, & Williams, 1999) ) score of 5 or greater, or a score of 2 or greater on PHQ item10 (indicating that they felt disabled in their life because of their mood), was also required for enrollment.
Study sample
Of the participants who completed the eligibility survey (n = 140), 90
were disqualified (no smartphone n = 7; Android device n = 81; PHQ-9 score too low n = 2), which left 50 eligible, of which 36 successfully installed the PRIME-D app, set up their profile, and started the study.
Clinical and demographic characteristics for the 36 participants may be found in Table 1 .
Personalized real-time intervention for motivational enhancement for depression (PRIME-D)
Participants in this study installed PRIME-D on their personal smartphones, a mobile app intervention that was originally developed for individuals with recent-onset schizophrenia that focused on improving motivation and quality of life (Schlosser et al., 2016 GAD-7 total 9.33 (4.8)
PHQ-9 = Patient Health Questionnaire; SDS = Sheehan Disability Scale; GAD-7 = Generalized Anxiety Scale.
worked in collaboration with IDEO, a global design and innovation firm, to implement a human-centered design process to make the platform appealing to users and address their needs. PRIME-D includes all of the features of the originally designed PRIME platform, but was modified to include symptoms particularly relevant to individuals with depression and the community of "peers" only included individuals with depression. For more information about the PRIME design process and coach training, please see Schlosser et al. (2016) .
With PRIME-D, participants join a supportive online environment where they can select and document progress on small, self-determined goals in the domains of health/wellness, social relationships, creativity, and productivity. PRIME-D provides users with motivation coaches; masters-level clinicians who use evidence-based interventions drawn from CBT, behavioral activation, mindfulness, and psychoeducation to help participants overcome the daily obstacles that hinder goal progress and improve health outcomes. Additionally, the PRIME-D community provides a platform for users to interact with one another. Users may send messages directly to each other and can also capture and share positive, spontaneous moments in their daily life with the whole PRIME-D community. Screenshots of PRIME-D are shown in Figure 3 .
The first time participants signed in to the app, they were guided through a process of creating a user profile. Participants created a user name, uploaded a profile picture, selected their interests, goals, symptoms, and wrote a short bio. Once the user was registered to the app, an assigned motivation coach sent the new participant a welcome message and an offer to support the user in achieving his/her goals. The coach informed his/her assigned users that the coach would be messaging with them "most days" per week, but would modify the frequency depending on the user's preference, clinical issues, and overall progress toward goal achievement. The coach to participant ratio was approximately 1:10 and coaches spent on average less than 2 hr/week (i.e., 20 min/participant per week) delivering text-based coaching to their participants.
Assessments
To assess the feasibility, acceptability, and impact of PRIME-D, we used a mixed-methods approach. We cross-validated learnings from data collected from gold-standard assessment tools, system analytics, and qualitative input.
Baseline
The baseline assessment was obtained from the study website (www.brightenstudy.com) and included the collection of demographics including age, race/ethnicity, martial and employment status, income, education, use of other health apps, and use of mental health services, including use of medications and psychotherapy. We collected information on mental health status using the Patient Health Questionnaire-9 (PHQ-9; Spitzer et al., 1999) for depression, the Generalized Anxiety Disorder-7 (GAD-7; Löwe et al., 2008) for generalized anxiety, and the Sheehan Disability Scale (SDS; Leon, Olfson, Portera, Farber, & Sheehan, 1997; Sheehan, Harnett-Sheehan, & Raj, 1996) for mood-related disability. For the SDS, we examined functioning in the domains of work/school, social, and family life/home responsibilities.
Acceptability
We evaluated PRIME-D acceptability using a self-report satisfaction measure that was designed for the PRIME-D platform. Participants were surveyed about their satisfaction with the specific features of PRIME-D, such as the ability to interact with peers, coaches, and the different goal categories, on a 1 (not at all) to 10 (very much) scale and to provide optional qualitative feedback about the intervention.
Participants were also surveyed on the extent to which PRIME-D helped them achieve their goals, and whether they would recommend PRIME-D to others. Participants answered these yes/no questions at the halfway point (4 weeks) and again at the end of the active phase of the trial (8 weeks). Retention in the trial was also used as a measure of acceptability.
Feasibility
To evaluate feasibility, we assessed the following use metrics: login frequency (average number of days logged in per week), average number of challenges completed (both overall and by individual challenge category), challenge completion percentage, and the average number of peer and coach interactions. Interactions included direct messaging on PRIME-D as well as commenting on and liking content posted to the community moments feed. To further understand how participants were engaging with the PRIME-D platform, we evaluated "active use rate" (Schlosser et al., 2016 ) (i.e., while logged in, any type of interaction with coaches and/or peers, posting spontaneous or goal achievement moments) versus passive use (logging in, but not engaging with peers or coaches or posting content onto the moments feed), and the degree of social initiative (i.e., user initiated interactions relative to responsive interactions) from peer-to-peer and coach-to-peer interactions.
Primary outcome assessment
Changes in mood and functioning were evaluated using a survey app at 1-, 2-, 3-, 4-, 8-, and 12-week (4 weeks posttrial) time points and included the PHQ-9 to measure changes in mood and the SDS for changes in mood-related disability.
Data analysis plan
We examined whether any demographic variables were related to baseline symptoms (PHQ-9, GAD-7) or functioning (SDS), and whether any demographic variables, baseline symptoms, and functioning were related to PRIME-D use, using zero-order correlations. To determine PRIME-D acceptability, we examined the average ratings from the PRIME-D satisfaction survey for overall satisfaction as well as the most and least popular PRIME-D features. We also calculated the percentage of Y/N ratings participant made at the 4-and 8-week time points regarding whether PRIME-D was meeting their expectations. Furthermore, we also reviewed qualitative feedback from the PRIME-D exit interview.
To investigate PRIME-D feasibility, we examined descriptive statistics for the following PRIME-D metrics: login frequency, challenges completed, spontaneous and goal achievement moments, peer and coach interactions, and active use rate. To understand participants degree of engagement in PRIME-D, we computed a variable that represented how often participant's actively utilized PRIME-D, which we called the active use rate. To do this, we added together the average number of challenges completed, peer, and coach interactions and divided this total by the number of weeks the participant had access to PRIME-D. Thus, a value of 2.3 would mean that a participant was active on PRIME-D 2.3 times/week. Passive use was defined as logging into the app, but not posting a moment, completing a challenge, or interacting with peers or coaches. Thus, a participant may login to the app 4 days per week, but actively engage with the features of the app two times/week.
To investigate the effect that PRIME-D had on mood and moodrelated disability, we assessed changes in PHQ-9 and SDS total scores.
For the SDS, we also examined changes in the SDS domains of work, social, and family functioning. We modeled changes in these domains using linear mixed-effects regression models. A mixed-effect regression model is able to accommodate the nesting that occurs in the repeated measurement of the same individuals over time by modeling the random distribution of individual differences in level (random effect for intercept) and change over time (random effect for slope).
These random effects are thus mixed with standard fixed effects:
model predictors, which yield a single regression coefficient for the sample.
To explore the degree to which specific aspects of PRIME-D were associated with improvements in mood and functioning, we examined three different moderators of changes in PHQ-9 and SDS total scores: passive use of PRIME-D (PRIME-D login percentage), active use of PRIME-D (active use rate), and total number of coach interactions. Thus, we conducted three separate models investigating potential changes in mood and functioning. Model analyses were conducted using the lme4 package in R version 3.1.0 (R Core Team, 2013). For significant effects, we reported unstandardized beta coefficient estimates, standard errors, and effect sizes (Cohen's d).
RESULTS
Participants in this study were more likely to be female, college educated, single, Caucasian, at a lower-to-middle income level, and about 1/3 were receiving some form of mental health treatment. Participant demographics were not related to clinical symptoms. However, being a female participant was associated with a greater PRIME-D login percentage, r(30) = 0.36, P = .05. No other demographic variables were related to any PRIME-D use metrics.
We also assessed participant digital health use (e.g., health related mobile app usage) over the past month. In terms of digital health resource utilization, participants reported moderate levels of digital health utilization, with the most utilized applications falling in the categories of improving sleep (57%), increasing exercise and fitness (53%), increasing relaxation (50%), weight loss (40%), improving concentration (30%), and managing mood (27%). The rates reported by participants are consistent with a trend reported by the Pew Research Center, which suggests that at least 50% of smartphone owners use their phones to access health information and track their health (Smith, n.d.;
Street, NW, Washington, & Inquiries, n.d.). The percentage of participants using mental health services, including use of medications and psychotherapy, are presented in Table 1 .
PRIME acceptability
Mean overall satisfaction with PRIME-D for the entire sample, as rated during the exit interview administered at the 12-week postassessment, was 7.23 (SD: 2.8). Some of the comments made by participants when asked about how PRIME-D impacted their lives included: "Prime has helped me identify some stress triggers in my life. With the insight of my coach, Charlie I have some great resources and tools to help manage my stress and anxiety," "The interaction with peers and coaches was great! The challenges were just that, challenging, but some were also fun. Being able to see the achievements of my peers was encouraging," and "Awesome idea that can help change lives. Helped my depression and anxiety." The most popular PRIME-D feature was the ability to like other user's posts (M: 8.38, SD: 2.0) and the least popular PRIME feature were the challenges (mean: 6.83, SD: 3.0).
To further assess PRIME-D acceptability, we compared the ratings made at the 4-and 8-week time points regarding the extent to which PRIME was helping them achieve their goals, whether they planned to continue using PRIME-D, and whether they would recommend PRIME-D to others. At the 4-week time point, 79% of participants stated that PRIME-D was helping them achieve their goals, 79% stated that they planned to continue using PRIME-D, and 83% stated that they would recommend PRIME-D to others. At the 8-week time point, the percentage of participants stating that PRIME-D helped them achieve their goals increased to 93% (t(29) = 1.68, P = .10, d = .31), as did the percentage of participants stating that they would continue using PRIME-D (79-83%, P = .72). Examples of participants goals included "To help me better understand myself and to work with others in achieving certain goals," "help me feel more calm and centered. Help me focus on my wellness," and "Find patterns and trends in my emotions and depression and help regulate those trends." The percentage of participants stating that they would recommend PRIME-D to others did not change between the 4-and 8-week time points, remaining at 83%. Of the 36 participants enrolled, six participants dropped out (five after the first week, one after the second week of the trial), for an overall retention rate of 83%, suggesting that the sample found the intervention acceptable.
PRIME feasibility
PRIME-D use data (login frequency, challenge completion, moments, and interactions) can be found in Table 2 . Although participants were asked to use the app at least 1x/week, on average, participants logged in 4.5 days/week and engaged in approximately two features each time they used PRIME-D. While using the platform, participants were most likely to engage with their assigned coach, with participants interacting with a coach, on average, 3.5 days/week. Over an 8-week period, participants were highly engaged in the platform, with 720 direct messages sent from participants to coaches. In terms of peer-to-peer interactions, participants initiated interactions with each other 63 times.
Participants had about three interactions with coaches and two interactions with peers each week. Twenty-nine of the 36 participants (81%) initiated at least one message to a coach and 16 (45%) initiated more than the average of 27.8 coach interactions. Working on .0) challenges was the least popular feature of the app, relative to posting moments and interacting with peers and coaches, however, the challenge completion rate was at around 80%, which suggests that, while participants may not have been as satisfied with this feature as others, they were highly likely to achieve their goals once they were set.
TA B L E 2 PRIME-D utilization characteristics
Mean (SD)
Participants completed an average of about two challenges per week. Health/wellness challenges were the most popular at a little over one challenge completed per week, followed by creativity challenges, social challenges, and productivity challenges of which participants completed approximately one every 2-3 weeks. Challenge completion percentage was high (78%), suggesting that participants had little difficulty completing the challenges that they set.
The effect of PRIME-D on mood and functioning and moderators of outcome
To investigate the effects of PRIME-D on participant mood and functioning, we modeled changes in PHQ-9 and SDS scores from baseline through the post-PRIME-D assessment (4 weeks after the trial ended) using linear mixed-effect regression models. The effects of PRIME-D on depression severity and functioning were plotted in Figures 1 and 2 . We conducted three different models for each of our outcomes in order to investigate which specific aspects of PRIME-D moderated potential improvements in mood and functioning.
Across all three of our models examining changes in PHQ-9 scores, we found significant main effects of time, suggesting that PHQ-9 scores decreased over the course of the trial (see Table 3 ). For the model looking at passive PRIME-D use, as captured by PRIME-D login percentage, we did not find a main effect of passive PRIME-D use.
However, the interaction between changes in PHQ-9 scores over time and passive PRIME-D use was not significant (P = .07). For the model 
SDS score
SDS total
F I G U R E 2 Changes in total self-reported disability (SDS scores) as a function of PRIME-D use from baseline to 4-week posttrial looking at active use of PRIME-D, we found a significant main effect of active use of PRIME-D on PHQ-9 scores. Similar to the passive use findings, the Time × Active Use interaction was not significant (P = .07).
Thus, active use of PRIME-D appears to have contributed to improvements in mood symptoms over the course of the trial. Finally, for the model looking at the effect of coach interactions, we did not find a significant main effect, but did find a significant Time × Coach Interaction effect. Taken together, participants who used PRIME-D, and specifically had greater interaction with PRIME-D coaches, were likely to have a greater improvement in mood symptoms at the post-PRIME-D assessment.
We found significant main effects of time for the models looking at changes in SDS total scores as well as changes in the domains of work, social, and family functioning. This suggests that mood-related disability decreased and functioning in work, social, and family domains improved over the course of the trial (see Table 3 ). Next, we explored moderators of total mood-related disability (SDS total score). For the model looking at passive PRIME-D use, we did not find a main effect of passive PRIME-D use, but did find a significant Time × Passive Use interaction, suggesting that logging in to the app was predictive of improved functioning over time. We found a similar pattern of findings for the model looking at active use, with a nonsignificant main effect, but significant Time × Active Use interaction. Thus, reported improvements in functioning appear to be moderated by PRIME-D use, regardless of whether participants were more or less actively engaging in the various features of the app. For the model looking at coaching interactions, we did not find a significant main effect or Time × Coaching Interaction effect. Despite not being significant, the effect size for the Time × Coaching Interaction effect was in the moderate range.
DISCUSSION
The results from the study supported our hypotheses that PRIME-D was feasible, acceptable, and effective at improving mood and functioning in adults with depression. Participants who joined the trial were moderately depressed, as self-reported using the PHQ-9, and were disabled by their mood symptoms to a moderate degree in the domains of work, social functioning, and family relationships. Typically, individuals who report this degree of mood symptom severity and subsequent disruption to functioning, the treatment recommendations are to initiate psychotherapy or antidepressant medication (Spitzer et al., 1999) . Overall, participants reported over a 50% reduction in F I G U R E 3 PRIME-D screenshots (from left to right): Goal setting; Moments (community feed); Coaching and Social Networking (messaging with coaches and peers); Personalized profile and metrics mood symptoms over the course of using PRIME-D. Participants went from moderately depressed to the mild range, which is a clinically significant reduction in symptoms (Spitzer et al., 1999) . The improvement in mood symptoms was observed relatively quickly (within the first week) and was sustained over the 4-week, postevaluation period, suggesting a relatively brief course of PRIME-D was sufficient for sustained improvements. Although improvements in mood were observed whether participants were more actively or passively engaged in the app, those who interacted more with their coaches, experienced greater improvements in mood symptoms. This finding is consistent with Internet-delivered treatments, which show stronger effects of improving clinical outcomes with the addition of coach support (Mohr et al., 2013; Richards & Richardson, 2012) . Participants also experienced significant improvements in mood-related disability, such that participants went from experiencing moderate disruptions to work, social, and family life to no longer experiencing disruptions to their functioning. Further, the overall retention rate of 83% is very good, relative to other Internet-based and mobile interventions that range from 10 to 70% (Richards & Richardson, 2012; Titov et al., 2010) , and is consistent with the trend in the literature, which suggests that including human support improves engagement in digital health platforms (Richards & Richardson, 2012) .
TA B L E 3 Linear Mixed-Effect Regression Model Results
PHQ-9
In addition to demonstrating the benefits of PRIME-D, we were able to highlight the feasibility and effectiveness of a potential model for screening and delivering remote care directly to individuals with depression, independent from a healthcare system. A digital system of care may help circumvent the challenges of limited access to high-quality mental health care in the United States. For instance, in this study, when participants endorsed experiences with depression, they were directly given access to a mobile treatment, whereas in traditional care settings, initial appointments may take up to 3 months (Kaplan, Lopez, McGinnis, & Institute of Medicine (U.S.), 2015).
Another challenge we are seeing in the U.S. healthcare system pertains to the limited supply of mental healthcare providers relative to those seeking care (Collins et al., 2004; Weil, 2015) . In this study, mental health coaches spent on average, 2 hr per week, delivering treatment to 10 individuals with depression. In comparison to traditional psychotherapy models, in which individuals attend in-person, 1-hr long weekly therapy sessions with their care provider, this delivery model represents a more efficient model of care that was also effective. Most
EBTs also typically require about a 12-week course of weekly sessions, whereas we observed significant symptomatic relief within 1 week and functional improvements within 2 weeks (Beck, 1995) . Although PRIME-D provided a "high-touch" experience, such that users had nearly continuous access to mental health coaches and their peers, interactions were, for the most part, brief and highly effective in a short amount of time.
There are several limitations of the study, including the open label design and absence of a control condition, thereby limiting the conclusiveness of the findings. The results of this study should be replicated in a larger randomized controlled trial with a direct comparison to standard models of care. Yet, by examining the guidelines of successful treatment outcome, a 50% reduction in PHQ-9 scores and an average score of less than 9, represents clinically significant improvements, suggesting that PRIME-D is likely to produce meaningful improvements in mood (McMillan, Gilbody, & Richards, 2010; Spitzer et al., 1999) .
The findings in this study add to a growing body of literature that is supporting a new, digital service delivery model to treat mental health conditions. Coach-supported mobile mental health treatments that deliver evidence-based approaches have the potential to address the serious public health problem of poor access to high-quality care. In this study, we were able to demonstrate the feasibility and effectiveness of PRIME-D to produce a rapid and robust improvement in depression and mood-related disability using an efficient model of care. Although evaluation of existing and new mobile treatments is necessary, those that do demonstrate empirical support should be made available to meet the growing demand for services.
This is especially important given the limited supply of treatment providers trained to deliver EBTs, the long waiting lists to access care in healthcare systems around the country, and the stigma-related concerns by consumers to access care in traditional healthcare settings. Providing consumers with the choice to access care remotely, delivering a flexible, on-the-go service with qualified coaches trained to deliver EBTs has tremendous potential to improve mental health outcomes and promote better quality of life for consumers worldwide.
